








Title: Effect of training/competition load and scheduling on sleep characteristics in professional 
rugby league athletes 
Abstract 
This study examined the effect of training/competition load, scheduling and associated factors on 
sleep behaviour in professional rugby league athletes.  
Sleep characteristics were assessed in 26 professional rugby league athletesusing wrist-mounted 
actigraphy and nightly sleep diaries. Sleep actigraphy assessed the time into and out of bed, the 
duration in bed, sleep duration, efficiency, latency, wake after sleep onset (WASO), number of 
awakenings and the awakening length. Sleep was measured during three different weeks; i) pre-
season low training load (TL) (2356 ± 322 AU), ii) pre-season high TL (3542 ± 445 AU) and iii) 
in-season match week (1526 ± 409 AU). The influences of internal TL [session rating of perceived 
exertion (sRPE) load], training schedule, age and training location on sleep behaviour were 
analysed. Repeated-measures two-way ANOVAs and Effect Size analyses (d) compared sleep 
variables between training weeks. 
Mean weekly sleep duration was significantly lower during high TL week (5 h 53 min ± 14 
min/night; p=0.015, d=0.59) compared to the low TL (6 h 25 min ± 8 min/night) or match weeks 
(6 h 26 min ± 10 min/night; p=0.02, d=2.04). Reduced sleep duration in the high TL week occurred 
alongside earlier out-of-bed times compared to the low TL (p=0.003, d=1.46) and match weeks 
(p=0.001, d=5.99).  Regardless, the lowest sleep duration was on match night (p=0.0001, d=1.22). 
Earlier training start times resulted in earlier wake times (p=0.003, d=4.84), shorter in-bed 
durations (p=0.0001, d=0.62), and shorter sleep durations (p=0.002, d=0.32). Younger athletes 
slept for longer durations (p=0.029, d=1.70) and perceived their sleep quality to be superior 




Sleep attained by rugby league athletes is influenced by training and competition schedules, with 
early training start times and late-night matches being primary drivers of sleep behaviour. 
Coaching staff should have awareness surrounding the implications of training and playing 
schedules on athlete sleeping patterns.  





Sleep is considered essential for health, athletic performance and recovery due to its physiological 
and psychological restorative effects (32,8).  In elite rugby league, it is paramount to balance the 
physically demanding stress of training and competition with appropriate timing, volume and 
quality of recovery (1). Sleep is integral to this process and is suggested to be one of the more 
effective and accessible recovery strategies, particularly during periods of high training loads (TL) 
(9). Research in athletic populations has shown that training volume (15), training schedules (30) 
and competition itself (20,28) can reduce an athlete’s sleep quantity or quality (32). In turn, 
disturbances to the duration, quality, or timing of sleep may negatively affect recovery, ensuing 
preparation and ultimately the stress-recovery balance (8). Thus, the resultant effects of  TL and 
scheduling on sleep characteristics are important to understand in planning for optimal 
performance outcomes. 
Excessive exercise loads may disturb the stress-recovery balance, which could lead to performance 
decrements and injury (17,8). Reductions in sleep may affect cognitive performance and mood (2), 
metabolism (35), immune function (35), and power/strength (34), highlighting the importance of 
sleep for athletic performance (10). Previous studies have reported reduced sleep quantity (37,5) 
and quality (17,8,11) during periods of high physical load. For example, in swimmers higher 
training volumes are associated with poorer sleep quality due to a greater number of sleep 
disruptions (37). In ballet dancers, periods of high physical and mental stress (e.g. long days of 
training and rehearsal) are associated with significant reductions in sleep duration, sleep efficiency, 
time in bed, and an increase in wakefulness after sleep onset (5,37). These findings are also evident 
in other sports, with a reduction in total sleep time and sleep efficiency evident during periods of 
high TL in cyclists, swimmers and rugby league athletes (20,31,39,18).  Research into Australian 
Rules Football demonstrates reductions in sleep duration when sRPE load increased (27). More 




(38); whilst acceleration load was associated with small increases in sleep duration and efficiency 
(38). Whilst these relationships showed small associations, contributors to the disturbed sleep 
might be from exercise-induced muscle damage, increased perceptual fatigue or perceived 
soreness (26).Although high TL may negatively affect sleep, there is limited information on how 
variations in TL affects sleep behaviour in team-sport athletes, particularly rugby league athletes. 
An important aspect of obtaining sufficient sleep is the time into and out of bed, which determines 
the actual time available to sleep. These factors are behavioural in nature and often influenced by 
training and competition schedules in athletes (30,33). At the elite level of rugby league, pre-
season training start times are typically earlier to allow for more TL to be completed throughout 
the day. During the competition phase, reduced load during inseason exists, and athletes are 
required at training later to allow for an increase in recovery.Consequently, training schedule may 
affect sleep patterns, and studies in swimmers have shown that the sleep-wake behaviour is directly 
affected by the time of day required to train (30). Further, sleep disturbances are also reported in 
elite rugby union (3) and soccer athletes (7) following scheduling of late night competition (8). In 
a study of 284 elite individual and team sport athletes, 184 self-reported sleep disturbances 
following a late-night training session or match (14). As sleep has important implications for 
recovery, and therefore athlete preparation, further understanding of how factors such as TL and/or 
scheduling can affect sleep behaviour in professional rugby league athletes is needed.  
Although previous research has shown training volumes and scheduling can influence sleep in 
athletic populations (30,5), other contextual factors may also affect sleep behaviour. For example, 
research in the general population suggests that younger people (20-34 years old) sleep longer than 
older adults (>35 years old) (12). Changes in sleep location may also affect sleep, with 28% of 
German athletes reporting sleep disruption in unusual surroundings (4). Given many professional 
sporting clubs are located in large metropolitan cities, traveling distance/time to training may also 




Despite the importance of sleep and the aforementioned challenges often faced by elite athletes, 
little information exists describing how rugby league athletes’ sleep behaviour changes with 
differing physical loads and schedules. Therefore, the primary aim of the present study was to 
describe sleeping patterns in elite rugby league athletesduring periods of differing physical load. 
As a secondary aim, this study explored the effect of  training schedule, age and location on these 
sleep patterns.  
 
METHODS 
Experimental Approach to the Problem  
This descriptive study examined sleep characteristics of professional rugby league athletesduring 
three different weeks of training; low TL, high TL, and a match week. Data were collected from 
each athlete from Monday to Thursday throughout the low and high TL weeks, and during the four 
days leading into the match on match week. Data from the low and high TL weeks were collected 
during the pre-season period (i.e. no matches during this period), whilst match week was during 
the early in-season phase (i.e. competition week 14). Training schedules were determined by team 
coaching and physical performance staff (Table 1). During pre-season (i.e. low and high TL weeks) 
training start times was scheduled earlier (before 8:00 am) than in-season (after 8:00am) to increase 
the available training time. Matches were always in the afternoon or evening as scheduled by the 
respective external football organisations (National Rugby League and New South Wales Rugby 
League). Within the final cohort, sixteen athletes were involved in an NRL night match, with the 
remaining ten being involved in a New South Wales Rugby League match, which was performed 
in the late afternoon. The day after games, all players were required to report to the club at 10:00am 




behaviours throughout the data collection period, including consumption of nutritional 
supplements, caffeine and alcohol. 
 
Subjects 
Following a full description of procedures and risks, thirty-seven professional rugby league 
athletes volunteered to take part in the study and provided written informed consent. After the 
commencement of the study, eleven athletes withdrew from the study, all citing discomfort with 
wrist-worn accelerometery during sleeping. The final cohort included twenty-six male 
professional rugby league athletes (age 24.8 ±3.6 y; body mass 97.5 ±7.9 kg; playing experience 
68 ± 78 NRL matches) who were part of the same training squad during preseason (n=16 first 
grade, n=10 second grade) representing one NRL club. Although athletes were not explicitly 
screened for sleep disorders prior to the commencement of the study, no athletes had reported sleep 
concerns during club medical examinations or were clinically diagnosed with a sleep disorder. The 
study was approved by the Australian Catholic University Human Research Ethics Committee 
(2015-286E).  
 
Actigraphy and Sleep Diary 
During the three different training weeks, all athletes resided in their own homes, with no out-of-
city travel included in the study. Sleep patterns were monitored using actigraphy (ActiGraph 
wGT3X-BT, Actigraph, FL, USA) worn on the non-dominant wrist (as determined by the player) 
and continuously recorded accelerations representing body movement (stored in 30 s epochs). 
Actigraphy data were downloaded via relevant software and sleep information was generated using 
the manufacturer’s algorithms (ActiLife Data Analysis Platform, Actigraph, USA). To make 




during low and high TL weeks). During match week, the match day was categorised as day 4, as 
match weeks did not follow a Monday-Friday schedule. The following variables were derived from 
actigraphy; Time in Bed (hh:mm), Time out of Bed (hh:mm), Duration in Bed (min), Sleep 
Duration (min), Efficiency [sleep duration/time spent in bed (%)], Latency (min), Wake After 
Sleep Onset (waso; min), Number of Awakenings, and Awakening Length (min) (10). 
 
Sleep diaries were used in conjunction with actigraphy to establish in- and out-of-bed times (10). 
Sleep quality score was also rated based on a subjective 0-5 point scale, in 0.5 point increments, 
with anchors of 1 = insomnia, 2 = restless sleep, 3 = difficulty falling asleep, 4 = good, and 5 = 
very restful (23). Time in bed information was recorded when athletes got into bed, with time out 
of bed being recorded upon wakening.  
 
Training Load 
Session rating of perceived exertion [sRPE = session duration (min) x rating of perceived exertion] 
was used to quantify training and match load (6) for all exercise modalities (i.e. match, strength, 
skills, speed and conditioning) for each week using the CR-10 scale (6). RPE’s were collected 
within 15min following the completion of a training session/match.  
 
Factors affecting sleep behaviour 
To further explore factors that may affect sleeping patterns in professional rugby league athletes, 
participants were classified based on demographic and training characteristics. A median split 
technique was used for the following descriptive data: Distance from training (< 20 km or > 20 
km), Travel time to training (< 30 min or > 30 min), Age (< 24 or > 24 years old), and Training 






All data are presented as mean ± standard deviation (SD). Sleep data were reported in two ways; 
1) collated as within-player weekly means, and 2) daily sleep responses within the respective 
weeks. A one-way ANOVA was used to assess the difference in sleep variables and TL’s between 
low TL, high TL and match weeks. Further, a one-way ANOVA was used to compare between 
classification groupings for factors affecting sleeping behaviour. A repeated-measures two-way 
ANOVA (condition x time) was used to assess day to day variance of all sleep variables within 
each week. Where significant differences were found, a post hoc analysis was conducted using 
Tukey and Bonferroni. Significance was set at p≤0.05. All analyses were conducted using 
Statistical Package for Social Sciences (SPSS, v17.0, Chicago, IL, USA). Effect sizes (Cohen’s d) 
with 95% confidence intervals were calculated and interpreted as trivial: >0.2, small: 0.2-0.59, 
moderate: 0.6-1.19, large: 1.2-1.99, and very large: ≥2 (40). 
 
RESULTS 
Training and competition load 
Higher total weekly TLs were evident during the high TL week when compared to both the low 
TL (p=0.0001, d=2.64)  and match weeks (p=0.0001, d=1.03), likely due to one extra training 
session being performed. TL during the match week was lowest compared to both high and low 
weeks (p=0.0001; Table 1).  
 
Weekly sleep responses 
All weekly sleep parameters and TL data are presented in Table 2. Athletes had later in-bed times 




p=0.0001, d=0.05). Similarly, out of bed time was later during the match week compared to the 
low (p=0.0001, d=6.28)  and high TL weeks (, p=0.0001, d=5.99). Athletes spent greater durations 
in bed during the match week when compared to the high TL week (p=0.013, d=2.10). 
Additionally, out of bed time was earlier (p=0.003, d=1.46) and sleep time was reduced (p=0.015, 
d=0.59) during the high TL week compared to low TL week. There were no significant differences 
(p>0.05) in any of the remaining actigraphy-based (i.e duration, efficiency, latency, WASO, 
number of awakenings and awakening length) or perceived sleep quality measures between the 
respective weeks.  
 
Daily sleep responses 
Daily sleep parameters for each week are shown in Figures 1 and 2. In-bed time was significantly 
later during each night of the match week, when compared to the low (d=0.01-0.32) and high TL 
weeks (p=0.0001, d=0.08-0.43). In addition, match night in-bed time was later compared to other 
match week nights (d=0.39-0.71). Out of bed time was earlier during the high TL week, when 
compared to the low TL (p=0.001, d=1.46) and match week (p=0.0001, d=5.99). On all nights, the 
time spent in bed during the low TL week was longer compared to the high TL week (p=0.015, 
d=0.28-1.73). Total sleep duration was longer during the low TL week compared to the high TL 
week (p=0.015, d=0.16-1.54). Duration in bed was longer during the match week when compared 
to the high TL week (p=0.013, d=1.48-2.29). On night 2, athletes slept for longer durations in a 
match week when compared to the high TL weeks (p=0.001, d=2.22). In contrast, on night 4 
athletes slept less in match week (i.e. match night) when compared to night 4 during the low TL 





On match night (i.e. night 4), athletes had lower sleep efficiency compared to night 4 in both the 
low (p=0.05, d=1.12) and high TL weeks (p=0.002, d=1.18). There were no differences between 
weeks for latency (p=0.204) or WASO (p=0.088) for days 1-4. On match night (i.e. night 4), the 
number of awakenings was lower (p=0.022), but these awakenings were longer in duration 
(p=0.003, d=5.44), compared to night 4 of the high TL week. Perceptual sleep score was reduced 
on match night (i.e. night 4) when compared to night 4 on a low TL week (p=0.002, d=11.60). No 
other differences existed between weeks for measures related to sleep quality (i.e. efficiency, 
latency, WASO, number of awakenings and awakening length) (p>0.05). 
 
Factors affecting sleep behaviour  
Sleep parameters for each classification are presented in Table 3. When athletes were required to 
arrive at training prior to 8:00am, time out-of-bed was earlier than on training days after 8:00am 
(p=0.0001, d=4.84). On these days (i.e. training starts prior to 8:00am) athletes spent less time in 
bed (p=0.0001, d=0.62) and slept less (p=0.002, d=0.32). Additionally, awakening lengths were 
longer when athletes were required to arrive at training prior to 8:00am (p=0.05, d=0.44). Results 
show that younger athletes spent more time in bed (p=0.006, d=1.73), slept longer (p=0.029, 
d=1.70) and also reported better sleep quality (p=0.0001, d=14.94) compared with older athletes. 
Finally, athletes who lived <20 km to the training venue had shorter sleep onset latency (p=0.05, 
d=4.04), with no significant differences (p>0.05) in any other variable. 
 
DISCUSSION 
A key finding of this study was that professional athletes have reduced sleep durations during a 
high TL week, though this is likely related to the increased number of early morning training start 




bed time and no change in ensuing wake times. Accordingly, training scheduling (i.e. training start 
time and training/match finish time) appears to influence sleep behaviour of professional rugby 
league athletes and should be recognised as a modifiable training variable in recovery and training 
prescription. Finally, older athletes attained less sleep and perceived their sleep to be worse, which 
suggests some non-modifable factors (e.g. age) should also be considered in planning 
individualised preparation strategies.  
 
Professional rugby league athletes (in this particular club) slept for 6-7h/night, which is below 
recommended values (7 to 9 h/night) (20) for the general population. Reduced sleep durations in 
athletes appear common, indeed Olympic athletes were reported to attain ≈6 h 55 min of sleep per 
night (21,22), and ≈6 h 40 min sleep per night has been documented in collegiate basketball 
athletes during a competitive season. In contrast, some football codes show sleep durations of >8 
h per night (28,20), which is likely due to different training and competition schedules (30). Given 
the current cohort showed low but acceptable sleep efficiency compared to other football codes 
(28,3,32), collectively, the sleep quantity and quality of this professional team was well below 
recommended and further highlights concerns about sleep behaviours in professional footballers.  
 
Previous literature suggests that athletes may experience reduced sleep volume and quality when 
encountering high training demands (30,37). For example, Sargent et al. (30) found that Olympic 
swimmers had reduced sleep duration during a period of intense training. In the present study, less 
time was spent in bed during the high TL week, with associated reductions in total sleep time. 
Whilst high TLs may influence multiple physical/physiological systems that can affect sleep 
quality (e.g. muscle soreness, central nervous system fatigue), the earlier training start times during 




of training during the high TL week is likely a major contributing factor in the current study. This 
is supported by research conducted with a female cohort, where sleep duration was not impacted 
during three different phases of training (onset of training, heavy training, and pre-competition 
taper) with a consistent schedule, despite different TL’s during each phase (37).  
 
Although this data demonstrates variations in sleep durations between different TL weeks, there 
were no meaningful differences in sleep quality measures. Supporting the idea that changes in TL 
do not significantly influence sleep quality, consistent sleep efficiency has been shown in rugby 
union players over a twelve-night period, including training and two competition matches (3). In 
contrast, swimmers participating in 14 days of intense training showed a reduction in sleep 
efficiency, with the subjects taking longer to fall asleep on nights prior to training days, as opposed 
to recovery days (30). Sleep efficiency in the current study was ~80%, which is lower than the 
typical sleep efficiency for healthy young adults (90%) (36) and previous reports in team sport 
athletes (>85%) (20). Match night resulted in even lower efficiency (~73%), combined with longer 
awakenings and poorer perceived sleep quality. This may be a result of elevated heart rate (2) and 
increases in metabolic function (35), or through the increase in pain and muscle soreness following 
exercise-induced muscle damage (26). These findings suggest that during periods of high training 
or competition load, a reduction in sleep quality may exist. However, this may be more influenced 
by the scheduling/timing of competition, as opposed to the TL encountered. 
  
The current findings suggest that scheduling of an athlete’s training influences their sleep 
behaviour. Training start times were earlier during the pre-season (i.e. low and high TL weeks) 
compared with in-season. These earlier start times require athletes to get out of bed earlier, but 




spending less time in bed, and consequently sleeping for shorter durations during the low and high 
TL weeks. This is in line with previous research suggesting a reduction in sleep duration is 
associated with early training start times in athletic populations (13,16,29,30). Similar to the 
present study, Sargent et al. (30) found that the earlier swimmers were required to train, the less 
sleep they achieved. Unlike our findings, individual sport athletes have been shown to advance 
their in bed time in preparation for an early start, though typically not enough to fully compensate 
for the earlier out-of-bed times, leading to a net sleep loss (20).  
 
Match day demands are multifaceted in rugby league, and the physiological/psychological 
stressors of competition are not the only factors that may influence an athlete’s sleep behaviour. 
Athletes are also required to engage in a range of post-match duties (e.g. recovery protocols, 
medical treatment and media commitments) which can regularly span late into the night following 
evening matches (i.e. the most common match time in the NRL). The disruptive effect of match-
day has previously been described in elite rugby league athletes where, following a night match, 
athletes’ bed time was much later (3 hours and 36 minutes later than respective Day 4 data), and 
therefore total sleep time was reduced (3). In the present study, all matches examined were played 
in the afternoon or evening, likely contributing to later time in bed times on match day. However, 
no compensatory change to out of bed time the following day, despite players being required to 
complete ‘recovery’ activities at 10:00am.This led to the shortest nightly sleep duration 
immediately following a match, which further supports the notion that sleep behaviour is 
dependent on situational and scheduling demands (14,30,28). On match night, athletes in this study 
had less frequent but longer duration awakenings, with a reduction in efficiency (~73%), 
suggesting greater overall sleep disruption. It has been suggested that disrupted sleep following a 
match could be due to a combination of mental arousal (related to the match and post-game 




Subjective data from previous work also demonstrate sleep disturbances following night matches, 
including problems falling asleep, waking through the night or early morning, unpleasant dreams 
and/or not feeling refreshed of the morning (14). This is supported in the present study with 
perceptual sleep scores being poorer following a night match, and remains an area to provide 
support to athletes. Future educational programs should be considered to assist athletes with sleep 
strategies. 
 
Appreciating that training/competition load and schedules are not the only factors influencing 
sleep behaviour, we sought to explore whether other lifestyle factors contribute. One influential 
factor in our work was athlete age; we found that younger (< 24 y) athletes were sleeping for 
greater durations than their older (> 24 y) counterparts. Previous research in the general population 
has reported that younger adults (i.e. 20-34 years old) sleep for longer durations than older adults 
(i.e. > 35 years old) (12), as older adults are less able to resume sleep after awakening (12). Our 
research supports the idea of an age effect, although all athletes in this study were < 35 years old, 
and are therefore not directly comparable to ‘older adults’ in the aforementioned work. When 
considering travel time, we hypothesised that those who live closer to the training venue would 
have greater opportunity to sleep. However, no difference in sleep parameters between those who 
had greater than or less than 20 km to travel was evident. This null finding may be due to the 
homogeneity of travel distances and the median-split technique used, or the nature of large 
metropolitan city travel.  
 
 
Given that the study was conducted in a field-based setting, there were uncontrollable factors that 




amount and quality of sleep obtained by the athletes was assessed using wrist watch actigraphy 
rather than polysomnography (PSG). PSG is the gold standard measure of sleep, however in a 
field-based setting such as this, PSG is difficult to use. Despite this limitation, activity monitors 
are suitable to measure sleeping patterns/timing of sleep (25) and are more reliable than sleep 
diaries (24). It should be noted that no true baseline data (i.e. non-training phase) were collected, 
as non-training phases constitute a very small portion of the year (i.e. 4-8 weeks) for professional 
rugby league athletes. This work also only presents data collected on four nights in each week (i.e. 
Monday to Thursday during pre-season). More comprehensive data collection may reveal different 
behaviours on other nights such as weekends.  
 
Conclusion 
The present study shows that training and competition schedule impacts on sleep behaviours in 
professional rugby league athletes. Our data suggest that training start time impacts time in bed 
and subsequently the total amount of sleep attained by athletes. In part, this occurs as changes in 
training start time alters required wake time, but athletes do not self-adjust with sufficient 
compensatory shifts to time in-bed behaviours. Match days negatively influence sleep quality and 
quantity, which is likely due to a combination of physical/mental stress and late-night competition 
schedules. Coaches and training staff should therefore consider modifiable factors, such as training 
start times and session content surrounding competition, with the knowledge that sleep, and 
therefore recovery and subsequent performance, will likely be affected. 
 
PRACTICAL APPLICATIONS 
It is important that coaching and performance staff are aware of the implications that training 




‘modifiable’ recovery variable, as training start times appear to have a strong link with time in bed 
(and subsequently sleep time). Match days have a large negative impact on sleep quality and 
quantity, and consequently, training schedules and content should be planned with this in mind. It 
may be argued that training schedules could be adjusted to better align with match times (e.g. 
evening training times) and therefore produce a more consistent schedule. However, practitioners 
should also consider cultural aspects specific to their athletic environment. If inconsistent training 
schedules are unavoidable (e.g. early morning training and late-night competition both required), 
alternatives to offset reductions in sleep quality/quantity (e.g. availably in schedule for napping) 
should be encouraged and facilitated/coached.  
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